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In present scenario attitude towards climate and CO2 emissions has accelerated the use of 
electric and hybrid vehicles. So IC engines are replaced by electric motor with battery as a 
source. This project deals with a chopper based dc drive for battery operated vehicle. The 
objective of the project are, to implement a control circuit for a class-E chopper (suitable for 
4-Q operation) fed separately excited dc motor in order to ensure bidirectional control, to 
improve the performance of vehicle by conserving energy during regenerative braking  and 
to ensure fast control of dc motor. The speed of separately excited dc motor can be varied 
from below and up to rated speed in a closed loop control system using class E chopper as a 
converter in MATLAB simulation. Class-E chopper has 4 control switches- S1, S2, S3 & S4 
and 4 diodes- D1, D2, D3 & D4. The chopper firing circuit receives appropriate duty cycle 
(δ) from control circuit and then chopper provides variable voltage across the armature of 
the motor for achieving desired speed. There are two control loops in the control circuit, one 
for controlling current and another for speed. Switching pulse is generated for the switches 
in the converter as per the switching sequence of forward motoring, forward braking, reverse 
motoring and reverse braking. 
 




After nearly a century with the internal 
combustion engine (ICE) dominating the 
personal transportation sector, it now 
appears that the electric vehicle is on the 
verge of experiencing rapid growth in both 
developed and developing vehicle markets 
[1–3].  This can be seen due to increasing 
awareness of global warming and the 
rising cost of fuel prices. An electric 
vehicle (EV), also named as an electric 
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motors or traction motors for vehicle 
propulsion. There are two types of motors 
used in Electric vehicles: DC and AC 
motors. DC motor is preferred over AC 
motor for traction application because the 
DC motor is amenable to speed and torque 
control in a simpler fashion as compared to 
induction motor which require complex 
algorithms to control. Use of Induction 
motor requires DC to 3-phase AC 
conversion (1-phase AC motors cannot be 
used as it has zero starting torque) and 
hence it is more expensive [4]. Even the 3-
phase induction motor has poorer starting 
torque as compared to DC motor .Also DC 
motor control is preferred in vehicles 
because electrical energy is stored in the 




                         
Fig. 1: Block Diagram of Overall System.
 
The speed of DC motor can be controlled 
in four quadrants with the help of battery 
fed class-E chopper. In this closed loop 
control system speed is taken as a 
feedback and it is compared with reference 
speed. The error signal generated is given 
to control circuit in order to generate a 
control signal for the switches of class-E 
chopper. The control signal generated  
 
 
should be unitized for bidirectional control 
which corresponds to the rated speed [5]. 
 
BIDIRECTIONAL CONTROL OF          
CLASS E CHOPPER 
Choppers are power electronic converters 
which convert fixed DC input to variable 
DC output. The speed of separately excited 
DC motor can be controlled from below 
and up to rated speed using chopper as a 
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converter. The chopper firing circuit 
receives signal from controller and then 
chopper gives variable voltage to the 
armature of the motor 
 
Fig. 2: Class E Chopper. 
 
for achieving desired speed. Hence 
choppers can be used to achieve speed 
control of DC motors. Choppers make use 
of duty cycle concept to vary the output 
voltage and hence the speed [6]. Duty 
cycle (δ) is defined as   of the 
chopper and it is normally varying from 0 
to 1. However, for 4 quadrant operation 
(requirement of reversal) there is a need 
for negative duty cycle which does not fit 
in the above duty cycle definition. Hence 
for the reverse operation of choppers, the 
duty cycle is redefined (unidirectional) in 
the range 0 to 1 with two ranges, i.e., 0 to 
0.5 (reverse operation) and 0.5 to 
1(forward operation). This modified duty 
cycle (δ’) is derived from δ using the 
formula δ’= . Variation in the duty cycle 
varies the output voltage of DC chopper 
with reversing feature and it is given as 
Vo=Vin (2 δ’+1). This is compared with 
the normal voltage equation Vo of the 
buck type DC chopper which is given as 
Vo= δ Vin [7– 9]. 
 
SELECTION OF SEPARATELY 
EXCITED DC MOTOR 
Series motors are generally preferred for 
traction application because of its high 
starting torque. But for closed loop 
control, the necessary starting torque at 
low speeds can be achieved with 
separately excited DC motor [10–12]. In a 
separately excited DC Motor, the field and 
armature voltages can be controlled 
independent of each other. The 
mathematical model of separately excited 
DC motor (at constant field) is given in 
Figure 3 and this is done to check and 
confirm the motor parameters. 
  
Fig. 3: Mathematical Model of Separately 
Excited DC Motor. 
 
The mathematical model shown above is 
derived from the following mathematical 
equations. 
V=                                           (1) 
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 =J   +                               (3) 
  V – Armature voltage applied in volt 
  Eb – Back emf developed in volt 
  Ia – Armature Current in ampere 
  Ra – Armature resistance in ohm 
  Te – Electro-magnetic torque in N-m 
  Kb – E.m.f constant = Kt in volt-sec/rad 
  Tl – Load Torque in N-m 






 ωm – Angular velocity of motor in rad/s  
 B1 – Viscous Friction Co-efficient N-
m/(rad/s) 
 
Fig. 4: Mathematical Model in Simulink. 
 
To understand the hardware 
implementation of the project, a 347 W 
DC separately excited (through the 
permanent magnet field) motor is 
available. The motor specifications are 
given below: 
Power                        : 347 W 
RPM                        : 3320 
Armature Voltage   : 12 V 
Armature Amps          : 34 A 
Armature Resistance    : 0.04 Ω 
Armature Inductance    : 76 µH 
 CONTROL CIRCUIT PARAMETERS 
Feedback Path components  in the control 
circuit includes Speed Error block, Speed 
PI Regulator, Current Error Block, Current 
PI regulator and Duty Cycle Control. 
 
 
Fig. 5: Feedback Path in Control Circuit. 
 




















Control Signal Positive Positive 
 
The Table 1 shows the polarity of control 
circuit parameters for forward operations 
and Table 2 shows the polarity variation of 
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Speed Reference Negative Negative 



















Fig. 7: Switching Pulse Block. 
Control signal from the control circuit 
should be provided to the four control 
switches in the converter as per the 
switching sequence. It is obtained by 
comparing the control signal with 
sawtooth waveform. In MATLAB, 
sawtooth waveform is generated by 
creating a repeating sequence. Figure 7 
gives the description of switching pulse 
block. It generates control signals to the 
switches as per the switching sequence. It 
consists of repeating sequence block, 
relational operator and the signal that 
comes from the PI controller. Range of 
Control signal from control circuit is 1 to -
1 for four quadrant control corresponding 
to Wmax to –Wmax. This is converted to 0 
t0 1 for the same speed range. 
δ'=                                                      (4)                                                                        
Where δ =control signal form PI controller 
(-1to1) 
δ’ =control  signal (0 to 1) 
The generated control signal from control 
circuit is compared with repeating 
sequence and the result provides switching 
pulse to the switch S1. For switch S2, 
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and the delay time is constant and it 
depends on the carrier frequency. For 
switches S3 and S4, control signals of S1 
and S2 are inverted using logical operator 
(NOT).The output voltage across the 
armature vary depending on the value (δ) 
and it is given by 
Vo=2Vin (δ-0.5)                                    (5)   
 
Fig. 8: Speed and Current Response for 
Vehicle Operation. 
 
Speed reference is given here with the help 
of repeating sequence block to ensure the 
control of DC motor in four quadrants 
forward motoring, forward braking, 
reverse motoring and reverse braking 
respectively. The reference speed set by 
the driver, actual speed response and 
current response for vehicle operation is 
given in Figure 8. 
 
CONCLUSION 
An appropriate control strategy for 
forward motoring, forward braking, 
reverse motoring and reverse braking has 
been developed for a Class-E Chopper. 
From the speed and current response of 
battery operated vehicle it is evident that 
the actual speed follows the reference 
speed set by the driver in four quadrants. 
This work can be extended by adding ultra 
capacitor in four quadrant control of 
battery fed DC motor in order to improve 
the range of the battery operated vehicle. 
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